In range or management it native pasture is important to know how burning, mowing, grazing, complete protection or combinations thereof, will affect individual plants and communities of plants.
The effects of fire on vegetation, especially natural grassland, is indeed a controversial subject. This is not surprising when one considers the complexity of prairie communities and the versatility of the component plants. Advantages or disadvantages of burning apparently depend on a myriad of factors peculiar to a given location, time, and desired objective.
The additional effects of various intensities of clipping with burning further complicate interpretation of plant responses. This paper is based on results of a study conducted during 1954, 1955, and 1956 to determine the effects of both burning and clipping on growth habits of component plants as well as plant communities of mesic upland prairie in Iowa.
Study Area
The study was conducted on the upland portion of the Hayden Prairie located near the northeastern edge of the prairie 1 This paper was presented association in northeastern Iowa. The soil of this gently rolling prairie was developed from Iowa drift parent material, and is classified as Carrington silt loam, plastic till phase. Most of the precipitation occurs during the spring and summer, which is typical of a grassland climate. The yearly average is 31.90 inches.
Mean annual average temperature is 44.5"F. Average January temperature is 13.4" F., and the average July temperature 71.6" F.
The three chief dominants of this luxuriant upland prairie community are prairie dropseed (Sporobolus heterolepis), little bluestem (Andropogort scoparius), and big bluestem (Andropogore gerardi).
The yield of these three grasses equals or exceeds the total yield of all other species. Prairie dropseed and little bluestem are bunchgrasses that form crowns 1 inch to 1 foot or more in diameter. Big bluestem, a lowland prairie sod-former, dominates the area between the bunchgrasses. Porcupine grass (Stipa spartea), and Junegrass (Koeleria cristata) to a lesser degree, form numerous smaller bunches among the dropseed and little bluestem.
These two species and sideoats grama (BouteZoua curtipendula) are confined to the drier, better drained parts of the upland prairie area. Indiangrass (Sorghastrum nutans) is associated with big bluestem in occupying the interbunchgrass space in a ratio of about 1 to 3. 
M&hods
Areas ranging in size from 1 to 10 acres were burned about the first of March of 1954 March of , 1955 March of , and 1956 year only, third year only, first and second years, first and third years, second and third years, all three years, and areas not burned.
Clipping was done on replicated, randomly located l/4,000-acre plots in all burned and unburned areas. A set of plots was clipped at 4-week intervals during the 1955 and 1956 growing seasons, another set was clipped at 4-week intervals during 1956 only, another set was clipped at the end of the 1955 and 1956 growing seasons, and another set was clipped at the end of the 1956 growing season only. Vegetation was clipped to a height of 1 to 2 inches.
Soil temperatures, at depths of %, 2, and 5 inches, were taken on burned and unburned areas between 1 and 2 p.m. at approximately a-week intervals throughout the 1955 and 1956 growing seasons.
Thermometers were placed in the soil and the tops covered with light-colored wooden tubes. Air temperature and precipitation data were obtained from the Saratoga Weather Station, located 4 miles south of the prairie.
Soil moisture was obtained by oven drying soil samples taken throughout a 4-foot profile at approximately a-week intervals during both the 1955 and 1956 growing seasons.
Measurements of plant growth rate and seedstalk development were made on the dominant and principal subdominant grasses and forbs. Average height and stage of development and average number of flower stems were recorded periodically throughout the 1955 and 1956 growing seasons.
Results and Discussion
Effects of burning and clipping on native prairie in Iowa were evaluated mainly in terms of rate and period of plant growth, flowerstalk development, and yield of vegetation.
Effects of Burning on Vegetation
Vegetation on burned areas began growing and matured earlier and produced more flowerstalks than on the unburned areas. In the spring of 1955, for example, vegetative growth began earliest on areas with two burns, and progessively later on areas with one burn in 1955, areas with one burn in 1954, and unburned areas. The difference in time from earliest to latest initiation of plant growth was about 2 to 3 weeks (Figure 1 ).
Litter and duff accumulate so much on protected prairies in northeastern Iowa that plant growth is retarded.
This great accumulation of above-ground organic material is caused by favorable growing conditions in the northeastern extremities of the prairie and the slow rate of disintegration of this material.
Reducing the insulating effect of the great amount of litter and duff by burning it, and exposing the very dark soil surface resulted in higher soil temperatures on the burned areas. Soil temperature in early spring was inversely related to amount of litter and duff. A close relationship was found between rising soil temperature in the spring and increasing rate of plant growth. This effect has been reported earlier (Graber, 1926; Dyksterhuis and Schmutz, 1947; Glendening, 1942) . Since soil moisture was adequate for plant growth on all areas during the growing seasons, soil temperature in spring probably limits plant growth more than anything else until about June or July. By late June the vegetation had grown enough to provide about equal shade on both burned and unburned areas, and there was little difference in soil temperature (Figure 3 ). In addition to earlier development of both grasses and forbs on burned areas, there were also more native plants that flowered and taller flowering stalks. This effect has been reported earlier (Aikman, 1955; Dix and Butler, 1955; Ehrenreich and Aikman, 1957 (Figure 4) . However, this increase of flowerstalks on burned areas was rather temporary.
By the second growing season after burning there was a marked reduction in flowerstalk production, and by the third growing season after burning, the burned and unburned areas appeared very similar.
Although burned areas yielded a little more, burning did not significantly affect total vegetative production ( Figure 5 ). Greater height and number of flowerstalks of native plants on burned areas was offset by a greater amount of basal leaves on plants on unburned areas. Repeated burning about the first of March resulted in a sharp decrease in number of Kentucky bluegrass plants. This introduced grass normally begins growth very early in the spring and probably was injured by the heat of the fire, whereas the native grasses were still dormant and apparently suffered no damage.
Burning about the first of March for as many as 3 consecutive years apparently did not adversely effect native prairie vegetation in Iowa. Burning helped some in that it reduced bluegrass and increased flowerstalk production of native grasses.
However, continued burning over a longer period of years could harm both soil and vegetation (Aldous, 1934; Elwell et al., 1941; Graber, 1926; Hopkins et al., 1948) .
Effects of Clipping
Clipping the vegetation four times during the growing season reduced yields much more than clipping only once at the end of the growing season (Table 1 ). This is substantiated by earlier reports (Blaisdell and Pechanec, 1949; McCarty and Price, 1942 ; Miller, 1955) . Frequent clipping for 2 consecutive years reduced yield even more, while clipping at the end of 2 consecutive gr 0 wing seasons only. reduced yield slightly. In 1956 yields on areas frequently clipped for 2 years were reduced 79 percent, on areas frequently clipped for 1 year 42 percent, and on areas clipped at the end of the growing season for 2 years 16 percent. Injurious effects of frequent clipping on the vegetation are probably related to reduction of leaf area and subsequent decrease in production of carbohydrates. Although total annual yield from plots clipped four times during the year was essentially the same for burned and unburned areas, there was a significant difference in yield at various dates ( Figure 5 ). Greater yields were from the first clipping (May 30) on burned plots, and from the second clipping (July 1) on unburned plots. This difference in yields on the first clipping date is further evidence of the earlier plant growth on burned areas.
Robocker and
Since frequent clipping reduced yields more than clipping only once at the end of the growing season, harvesting vegetation after the plants have made seed appears to be the best method to obtain maximum sustained yield.
Summary
Effects of burning and clipping were studied on growth of some dominant and principal subdominant grasses and forbs on a mesic native prairie in northeastern Iowa. Burning about the first of March had no apparent adverse effects on native vegetation, but did inhibit growth of Kentucky bluegraSs. Prairie plants began growth 2 to 3 weeks earlier on burned areas, and produced more and taller flowerstalks than on unburned areas. Earlier growth and greater seedstalk production probably results from higher soil temperatures in early spring where litter has been removed by burning. Although there were more flowerstalks on burned areas, there was no significant difference in total yields due to burning.
Clipping four times during the growing season did more harm to plants than clipping only once at the end of the growing season. A 79 percent reduction in yield was obtained from 2 consecutive years of frequent clipping compared to only 16 percent reduction from 2 consecutive years of clipping at the end of the season.
Clipping at the end of the growing season appears to be the best way to get maximum sustained yield.
